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Gravitational Biology Facility and Centrifuge Facility
on the International Space Station

The International Space Station will be an orbiting space fadlity that will indude research laboratories and a crew
habitation module. NASA and its interndiond partners—the Russan, Japanese, European and Canadian space
agencies—will build and deploy the Space Station beginning in 1998. Internationd crews carried into orbit by the U.S.
Space Shuttle and the Russian Soyuz will Saff the Space Station on a permanent basis.

Gravitational Biology and Centrifuge Facilities

Two suites of equipment, cdled the Gravitationd Biology Fedility (GBF) and the Centrifuge Facility (CF), are being
developed for use on the Space Station by the Space Station Biologicd Research Project @ NASA/Ames Research
Center & Moffett Hedd, Cdifornia These fadilities will be used to conduct life stiences research on the effects of
gravity, and its absence, on biologicd sysems
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Scientific Objectives program are atempting to understand the role of gravity

in the biological processes of lower organiams, plants

Scientigs asodaed with NASA’'s spece  biology and animals. Thiswill further our understanding of how
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organiams are afected by, and adgpt to, the space flight
environment. The extended-duration studies possble
with the Gravitationd Biology and Centrifuge Fadilities
will build on knowledge gained from earlier life sdiences
mssons and will dlow sdentigs to continue
invedtigating these important issues Researchers will be
able to sudy fundamentd processes, such as biologica
development over uccessive generations, in the absence
of gravity.

A quater century of gpace life sciences missons haes
been conducted by both the American and Russan space
agendes, yet much remains to be learned about the role
of gravity in biologicd processes. Previous sudies have
identified, but not fully explained, the weskening of the
cadiovascular and muscular systems, the dteration of
blood chemidry, and the bone deminerdization thet
reult from exposure to gpace flight conditions
Continued human exploraion of space requires thet we
understand why these changes occur.

Benefits

In addition to providing indght into the effects of pace
flight, the data generated by experiments in the
Gravitationd Biology Facility and the Centrifuge Facility
may advance the qudity of life here on Earth through
goplicationsin agriculture, biotechnology, environmental
manegement, medicdne and other humen attivities
dependent upon biologica resources. For example,
many diseases dfecting humans have symptoms amilar
to the deconditioning phenomena observed in agtronauts
and research animds as aresult of space flight. A more
complete underdanding of these phenomena may hdp
sientists deve op better trestmentsfor these diseases.

Because the research done in these fadilities will increase
our understanding of the effects of gravity on biologica
gysems it will hdp sdentists desgn countermessures to
offset the effects of long-term exposure to zero gravity
during space flight, and to partid gravity at future bases
on the moon and Mars. The long operaing period and
unique cgpabilities of the Gravitationd Biology and
Centrifuge Faallities dso will hep ressarchers discover
how different levels of gravity affect living systems, not
only over the course of an organiam'’s life span, but over
multiple generations as wel. This knowledge will be
important if we ae to edablish pamanat humen
indd|ationsin goace or on the moon.

Gravitational Biology Facility

The Gravitationd Biology Facility conggts of habitets to
upport a variety of gpecimen types, ranging from cdls
and tissues to full 9ze plants and mammas plus a st of
laboratory support equipment to be usad for conducting
experimenta procedures on orhit.

Habitats

The fadlity condgs of multiple habitats to support
organiams for research in cdl, devdopmentd and plant
biology. These habitats will provide food, weter, light,
ar, humidity control, temperature control and weagte
manegement for the organigms  In addition to
environmenta cgpabilities, the habitats will be able to
collect and transmit engineering and science data

The Gravitationd Biology Fedility habitatsindude a Cell
Culture Unit, an Aquatic Habitat, an Advanced Animd
Habitat, a Flant Research Unit, an Insect Habitat and an
Egg Incubator. The Cdl Culture Unit will be used to
support research in cdl and tissue biology. It will have
the capability to maintain and monitor microbid, animd,
aquatic and plant cdl and tissue cultures for up to 30
days. The Aquatic Habitat will accommodate smdl fresh
water organiams, such as Zelrdish, for up to 90 daysto
support egg-to-egg generation sudies for examination of
dl life dages. The Advanced Animd Habitat will be
cgpable of housing up to Sx ras or adozen mice. This
habitat will be compatible with a compartment cdled the
Mouse Devdopmet Insat. This Insat  will
accommodate pregnant mice, and subsequently  thelr
offsoring, from hirth through weaning. The Fant
Research Unit will be adle to support plant goecimens up
to 38 cemtotd height (root + shoot) through dl stages of
gowth and devdopmet. The Insect Habitat will
support Drosophila mdanagogter (fruit flies) and other
insects for multigenerationd sudies and for radigtion
biology. The Egg Incubator will support the incubetion
and development of small reptilian and avian eggs prior
to hatching. All of the Gravitationd Biology Faclity
habitats will have the experimentd cgpability of
sectadble gravity levds The Aquaic Habitat, Cdl
Culture Unit, Advanced Animd Habitat and Plant
Research Unit will be used on the Centrifuge Fadllity's
25-mae-diange cantrifuge when sdectable gravity
leveds of up to 2-g are nesded. The Insect Habitat and
Egg Incubator will be equipped with internd centrifuges
that will provide sdectable gravity leves from zero to
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Laboratory Support Equipment

The generd purpose laboratory support equipment will
indude a -80°C freezer, a 4°C rdrigarator, a ayo
quick/sngp freezer, a ayo dorege freezer, passve
dosmeter sygem, an incubetor, a dissecting microscope
and acompound microscope. This eguipment will dlow
for sample presarvaion, sample menipulaion and
enhanced  experimentd  cgpabilities aoard  Space
Sation.

Centrifuge Facility



The Centrifuge Fadility condgs of a2.5-meter centrifuge
and two habitat holding racks to support hebitats at
atificd gravity levels and & the microgravity leved of
Soace Sation, regpectively.  In addition, the fadility
indudes a glovebox to conduct experimentd protocols
and hardware maintenance, and a st of sarvice sysem
racks

2.5-Meter-Diameter Centrifuge

The Centrifuge will provide life support resources

and dectricd power to the hebitas as wdl as daa
trandfer links to computers on the Space Sttion. It is
cgpable of producing controlled, artificid gravity levels
ranging from 0.01-g to 20-g. Sdecteble gravity will
permit scientists to compare how differing gravity leves
dfect the biology of organiams housed under otherwise
identical conditions, thus separaing the effects of gravity
from other factors in the space environment. This dso
will dlow a comparison between the effects of Eath's
gavity and an equa force of atificdly produced
gravity. This type of expaimentad comparison is
essentid if scientigs are to underdand the effects of
gravity on biologicd systems

Comparison of living sysems exposed to zero gravity
with those exposed to the reduced or intermittent gravity
levds attanable with the Centrifuge will help determine
whether atifidd gravity will be necessxy during
extended human missonsinto goace. If atifica gravity
is necessay, the Centrifuge will hep ressachers
determine how long, and a what levd, organiams must
be exposed to atificd gravity in order to mantan
hedth. Use of the Centrifuge will ad in the
devedopment of effective countermeesures to the effects
of goaceflight evident in astronauts.

Holding Racks

The Holding Racks will provide life support resources
and dectricd power to the habitats and other stientific
equipment, aswd| as data trander links to computers on
the Space Station.  These data links will dlow for data
to be trandarred from Space Sation to Ames Research
Center, twhich will rday it to sdentigs a ther
inditutions and laboratories. Thiswill dlow researchers
on the ground to monitor and contral the environmental
and expaimentd paranders indde the hebitats  The
arangement of habitats in the racks will be
reconfigurable, to alow the remova of equipment thet is
not being used and the insertion of equipment needed for
specific experiments.
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Life Sciences Glovebox

Hebitats will attach to the Life Sdences Glovebox,
which will provide an endosad work space for
paforming expaiments and handing research
organigms. Two crew members will be able to use the
Glovebox work space a the same time by means of
gloves that extend into the work area The endosd
volume of the Glovebox will be about one-hdf cubic
meter (gpproximately 18 cubic fedt). As ar dreulaes
through the work space, activated charcod filters will
continuoudy dean it by absorbing chemicds that may be
present. In addition, a high-efficency ar filter will
remove patidesand aerosols
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Service System

The Savice Sygem congds of three racks Two are
essentidly empty dorage soece for eguipment ad
biologicdly ective materids. Thethird will

provide minimd dectricd services for laboratory
equipment, in addition to $orage oace.



Semvic e System

Assembly and Operations

The assambly of Space Staion begins in 1998 and wiill
be ongoing for five years until assembly is complete
The Gravitationd Biology Fadlity and Centrifuge
Fadility will be brought up in phases beginning in 2001.
Once the sdentific equipment is on orbit, the Space
Sation crew will begin to peform life sence
experiments. The complexity of life scence experiments
will increese as more equipment is inddled and more
power becomes avalable. Space Shuittle flights to orbit
will bring suppliesto continue experiments and Sart new
ones, as wdl as maerid to replace and upgrade
equipment.  Return flights will bring experimenta
samples back to Earth for andyses

Conclusion

The Gravitaiond Biology and Centrifuge Fadlities, by
providing habitats holding racks, a glovebox, a
centrifuge and a service system, will support advanced,
extended-duration goace life stiences research aboard the
Internationa Space Station.

For further information on the Gravitationa
Biology and Centrifuge Fadilities, please contact:

SSBRP Outreech

NASA Ames Research Center
Mall Stop T-20G-2

Moffett Hed, CA 94035-1000
http:/pyroeisarc.nasagov



